August 9, 1966

Jeqxr Bill,

Under separate cover (two packages) I have sent to you a
synopsis of the maize knod denta that was discussed in our
telephonz conversation yesiterday. By glancing througin the
maps you will get a feel for the distributions of the knod
compleses even though much supporting data could not be
included ir these mapns, such as the frequency of particular
knobs in specific are:s and their frequencies in specific

r=ces within an area. 1 realire that you will have juestions
that are not ansered by the maps but could be answered by the
raw dota, dhen 4 vigit you in Uctover L will bring with me

the raw data and also the individual tables that i prepared
“rom tier in order to be arle to make Lhe nmous,

Longley =nd Kato did nct record the krobs on each of the

two honologues except in rare instances, This was done in my
studlies and nlso theoe of kato and Dlumenschein, in Hexico

City last Jonusry, we were so pressed with or;onising the data
th.t I ¢id not get the raw dat from ¥ato for L'a recent
studies of Tuxreno nor such data from Blumenschein. ithus,
their dats are recorded cn the warns for »nlints whareng those of
mine and of Kato (from nis xaleigh siudisgs) =re rec-rded for

chr molo oS,

Ihe ref rences to Teosinte kiiobs are tiaken fr n the diagrams
of Longley nnd of Tirg. The guesscs of knob types in Avrizona
and bew dexico were made frouw the drawings in the 1938 paper of
Longley. From Longley's data, there is 11 tle guestion that
the mzize of the Pima tribe had a different crigin than that of
the Navajo-Apache tribes,

vorking up the dats has heen a tough job. ¥ato would do this
rapidly and 1 certzinly would let him do it in the future! I
make too many mistakes and it takzs too much time to find then
and then correct my errors, either in the tavles or the maps.
Nevertheless, 1 felt that I should make an attempt to correlate

the data, 1 am not now communicating my conclusions to Kato or
to Blumenschein. I would p efer to have the conclusions made

inderendently in order to coupar~e modes of drawinr - conclusions.

intil 1lster, then,
Best regards,
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ORIGIN AND DISTRIBUTIUN OF XKNUB COMPLEXES IN MAIZE

Analysis of the knobs in the chrouosomes of present day maiuze
indicates that there were at least four independent origins of maize
and possibly a fifth. The wild ancestor of maize (teosinte ?) from
which selections were made initially, grew in the region between the
Central Mesa of Mexico and the northern part of Honduras. Bach
ancestor from which maize was obtained had a very distinctive knob
constituticn. The distinctive_ness of each complex indicates some
basic meaning of the complex in the evolution of the ancestor.

This is evident in the nature of each coumplex. One complex had no
knobe, anoth r had cnly small knobs, a third hed medium-sized knobs,
and a fourth and possibly a fifth had large knobs (see diagrams).
Through subsejuent introgressicns of one couplex with another, and
selections of viavrle or productive combinations of complexes, the
initial significance of these complexes may huve been lost or
obscured. Nevertheless, the existence of such initial complexes 1is
clearly evident in present day maize,

l. The no-knob complex. This complex is centered at the present
time in the Central Ilesa of Mexico and in the highlands of “uatemala.
From examination of the knobs in the maize races in each of these
areas 1t is possible to infer that the no-knob complex had its origin in
the Central Mesa of Mexico and that an early introducticn of this
malze into the highlands of Guatemala is responsible for the
distribution of this complex in the highlands. (See, however, discussion .
below. )

2. The small-knob compiex. This complex originated in the

highlands of Guatemala. Its influence is widespread due to migrations

and to introductions into other areas,



3. The medium-knob compiex. The exact place of origin of this

complex is not clearly revealed by knob constitutions of present day
milze. It is clear, nevertheless, that its influence ie now confined
largely to east ra Mexico, extending both north and south of the
Campeche~-Yucatan region. It his made a large contribution to maize
of the Caribbean Isiands and to the maize races of eastern South
America.

4, The large-~knob complexes. There may have been two independent
origins of the lurge-knob complex. One compliex has some knobs that
are considerably liarger than those of the other lurge-knob comp,lex,.

The present center of the compiex with very large krobs 18 now in
Venezuela, 1{ is present in maize of the coastal, inland and the
mountain regions. Its influence has spread to the ad?acgnt

Caribbean islands, particularly Trinidad and Tobago,fzgwtgé coastal

and lowlunds of Ecuador, and to the adjacent regions of ranama,

Certain of 1ts cumponents appear in sapalote. It may have originated
in the Ouzuca~Chizpas regicn and been introduced eariy into Venezuela
where it smultiplied and spread. The other large-knob complex, some of
whose snobs are not as large as those of the Venezuela com.lex,
charzcierizes the maize of scuthern Guatemala and zlso that of
southern and west.rn kexico. Its centor of origin is not clearly
evident but it may weil have originated in the southern Guatemala-
northern Honduras ares. Its influence is extensive throughout €entral
America. It hus been introduced into western South America but

it has hud very iittie influence on the maize of eastern South America.
Although components of it are represented in the Caribbean Islands,

its influence in the islands is not as greit as that of the

Venezuelan complex, the médium-knodb complex, the small-knob complex,

and the no-knobdb cumilex.
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Early Introductions of the Complexes into Distant Areas

l. One of the earliest introductions was that of the no-knod
complex of the Central Mesa into the highlands of Guatemala where the
small knob complex originated. Spread of the no-knob complex within
this area lead to various strains carrying different couponents of
each of these complexes, Following such intermixtures, maize from this
area was introduced into western South America, 2, below.

2. A very early introduction of maigze from the highlands of
Guatemala into some part of western South America must have occurred.
This maize had thbe "Andean complex." It was homozygous for a small
knob in the long arm of chrouosome 7 and was heterozygous for a tiny
knob in the ¢ position (nearest end of long arm) in chrowosoc e 6.

None of the other chrowoscmes had any knob, Because of the very
extensive spread of this complex throughout western South America and
subsequently into central and eastirn South America, 1% is probable that
this was the initial maize in all of Bouth America and that it was
propogated for a very long period of time before other maize was
introduced into the e regi ns. The fact thut all of this maize had the
same knob constitution suggests that the initial introduction may have
involved only a few kernels or that the initial selection for propogation
came from a single plant.

(It is possible to co:sider that both the no-knob and the small-knob
complexes originated in the highlands of Guatemala and thav the
no-knob complex, presently predominate in the Central Mesa of dexico,
was derived from an early introduction from the highlands of Guatemala.
Because the density of the small-knob complex is low in the Central
Mesa, it is probable that the knobs of this complex were introduced
at a conslderibly later date after the no-knob complex h:d become well

adapted in the Central Mesa and well distributed within this region.)



3. Maize from the highlands of Guatemala, possibly having only a
small knob at the end of the short arm of chra oso..e Y, was introduced
into the northern part of the United States, It gz2ve rice to the
Northern Flints of the U.s.

THE MIGRATIONS

1. The most extraordinary migration is that of the Andean
complex following its early introduction into South Anmerica. It is
now the predominate maize in the Andean Region, extending from
Colombia into Chile. Much of this maize is not yet contaminated with
maize that was introduced subsequentiy. It also spread eastward
from the Andean r-:gions into all of the parts of South America east
of the Andes where this maize had been growing. It is now the
predominant component of maize that 1is grown in central and eastern
South America. The Andean complex is also a component of maize
of the west ccast of South America although diluted in most of the
coastal 1egions by maize that has been introduced subsequently.

2. The small-knob comvlex spread gsouth from the highlands of
Guatemala intc the highlands of Central America. lts northward spread
was restricted as it is only weakly represent in the maize of Chiapas.,
The presence of components of this complex in west.rn and northern
Mexico may kaxm reflect migration from the Central lMesa of Mexico or
from mixed races in Guatemala and Chispas.

3. ine medium-knob complex charact:rizes the maige ¢f eastern
Mexico where Tuxpefio is grown. Because Tuxpeiio has besn introduced
into many parts of Mexico, the presence of compcnents of this complex
may be observed throughout Mexico, particuiarly in those races that
are considered to be related to Tuxpeilo. This ccmplex extends

southward into the Central American countries (see maps).
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4. The Venezuelan large~knob complex has had a strong influence
on malze of the adjacent Caribbean Islands, particulary in Trinidad
and Tobagc. It has spread into Colombia and into Ecuador, particularly
along the coast=l regions of EBeuador., It has also peretruted into
Panama and components of it may be seen in other Ceniral American
countries altiough much dilited there. (For a special cuse of this,
nee maps of distribution of the large knob in the long arm of
chrouosome 9 in the Central American countries.) As stated eariier,
this complex may have originated in southern Mexico or soutuern
Yuatemala and introduced subsequently invo Venezuela, The
Venezuelan complex appears in scuthern Bolivia in the race Perola
(Arrocilloj. t must have been introduced into Bolivia quite
recently as components of it are abgent or ponrly represented in
other races in the region of ites introduction.

5. *he other lurge-knob complex is now the opredominant component
of wuize of much of Central America. In the highlands ¢f these
couniries, the complex is mubh diluted by the no-knob, the small-~-knobd,
and the mediumk~ki.ob complexes. 18 lurge-knob complex has spread
into Yucatan and Campeche and also north into much of the wpaize of
west rn Mexico. It h:z had a limited influence on the muire of the
Central riesa,

The Caribbean Islands

the maize of the Curibbean Isisnds is mace up of a mixture of
all of the complexes. In the northern isiands, the no-knob, the
small-knob, =ni the medium knob couplex=s predominats, This
suggests that maize arrived in the islands guite late after much
nizxing of complexes had occured elsewhere. The eastern complex
(medium-kuubs) strengly influences the maize of the northern islands
and it hzs had a marked influence on malze in the other isliands.

The large-knob complexes have had a lesser i:fluence on maize of the
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islands with the exception of the Venezuelan complex which is

strongly represented in the maize of Trinidad and Tobago and to a

lesser extent in some of the other islands (see maps). The maize of

western Mexico hus had very iittle influence on that of the islands.
The strong infiuence of the eastern (medium-knob) comp.ex,

evident in the islsanas, is aiso evident in eastern South America.

The distribution of components of this vomplex to maize in central and

eastern Jouth America su.geets that the comslex was introduced into

South America from the Caribbean Islands. in otuer words, the

is8land maize is no . derived from South America. instexzd, the

resenblance of maize from these two regions stems from introductions

of maize from the islands into ea..iern South Ansricsa. Ihis introduced

milze earried only some of the knobs of the medium-knob complex

(see maps). This maize may have been introduced via the Kio Parané,

arriving in Paraguay by this route. Ihis maizne then inirogresced

with maise having the Andean co:plex that already was present in the

area of introduction. Poilowing introgressiocn, the comgcuenﬁépf

the medium-knoh cowplex spread north and east and also, pos:zibly,

westward., The latter movement neecs to be checked by additional

gtudies.,

L CuOB8GLe

‘he distribution of the B-type chromos. e suggests that it
was introduced irto maize somewhere in Mexico. Ite distribution
in the northern hemispnere follows th:ot of muize originating in
Hexico, It is very poorly distributed in Central Am=vica, a5 the
map will show. It is also poorly represented in the islands and
is almost absent in eastern Jouth America. 1t was prob.uly introduced
into ths andean region with Canguil and Pisinkallas, voth of which
appenr to be reianted to maize of west-central Mexico. its presence

in the lowlunds of Chile may h:ve come from inirogressions with



Andean maize or from subsejuent introductions into Chile. The
distribution of the B-type chromosome is highly significant in
interpreting the migrations and introductions of maize to the various

areas of the hemisphere.

Abnormal chromosone-=10

ihe distribution of Abnormal chromosome-10 is also significant
for interpreting relationships of maize in the Americas. 4ts origin
in Mexico seems evident., 1ts distribution in the northern hemisphere

follcws to a lurge extent thit of the B-type chromoso.e.

Distribution of the ua fictor

" —

A map is included showing the distribution of the Ga fuctors
based on the i.formati-m given by O.:Z.Nelson in the 1960 liaize
Hews wetter. the distributi-ne of ga are significant, especially for
the relaticnsihip of wiize in the hizhlands of Guatemala to that in
weotern ooutn Azmerica and in the corn belt of the U..l, also, the

prezerce of Qgs in Pisinkalla is not unexpected.
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Knobs with limited distributions and uncertain origins

vhromosome 1 long arm: Large, medium, and small knobs

" 2 short arm: Medium knob

short arm: Large, medium, and small knobs
short arm: barge, medium and small knobs
ghort arm: barge and medium knobs

-

g, b, and ¢ kncbs: Large

[N -\ TN N Y.

b, znd ¢ knobs. Medium
N 7 short arm: Medium knob

vome of these knobs have such limitod distributicons that
their origins are obscured. I suspect that sowe of them, es ecially
those in the short arms of chrormosones 2, 3, 4, and 5, and the long
arm of chroucsc.e 1 may have been introduced into maize from teosinte
in recent times. Thoze in chroasusuv.aes 6 and 7 may represent
poorly migrating types sucn as those of ‘rizona and New Mexico maigzge

that did not wigrate north ard ezst.

S
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short =
snort arm
gshort arm
short arm
a, b, and ¢
short arm
lorg arm

sarge-knob complex: Chrunogose
Chroucscnme
Chromusonre
Chromosone
Chromosorie
Chromosoue
Cur- mosoue

1

2

3

5

6

7

9

tledium-knob complex: Chrouosocue 1 shcrt arm

Chrom»some 1 long arm

Vhromosose 2 short srm

Chromosoie 3 short arm

Chrom.sone 4 short arm

Chromosome 5 short arm
6
1
2
3
4
1

Shromosoune 6 b and ¢
Small-knob compiex:  Vhrowosome 1 long arm
Chromosoue ghort arm

short arn
short arm
0 a knobdb

Chromogone
Chrom.sone
Chrcmosone

0dd knobs, restricted mighations: Qhromosome 1 long arm, Large knob
“hromosowme 4 short arm, Large knob

Chromosome 6 a knob, Large, medium
and small knobs



Knobs in Maige of Arizona and New Mexico,

Pima tribe:

Large knob

liedium knob

omall knob

Chromosome 2 long arm

"
"
#
"
it
PSS \w‘)&i
Navajo-tribe:

Chromonsoe

3
4

7

8a (*b)

9
1l
1
2
3
3
L
4
7
8
9

Y

short arm

short arm
long arm
1" 1"
shoert "
long
short "
long *
L H
a (+b)
shortd
iong ~rm

210

Abnormal chronosone~10

B-type chronusoiie

Chromosonme 2 short
" 7 long

EGhromosome 2 short

1" 62

1]

arm

"

"w

arm Chromosone 1

5
6

7

Chromosome 5

"

6

short arm
long arm
b+ge

short arm

long arm
8y by ¢

Non-migrating knobs:

Short and long arm of chronosone 1

“hort arm o
short arm o
Oaort arm o
Abnormal-1l0

f

£
o,

by

chromosone 3

chromosouie 4

chromosoue 7

Restricted migrations of knobs:

uong acu of chronosoue 3

Long arm of chromcsoue 4

a knob in chrowmosoie 6

Long arm of chro.osoxe 7T

wong ~rm of cnromosone 9

Long

arm of chromisome 8



Dilution of the Andean Complex by the Small-knob and iiedium-knob

vomplexes in Central and Bastern oouth America.

wsmall-knob complex:

————

Chromosome 1 short arm
Chrom .soue 3 long arm
Chrom:some 5 long arm
Chroriosome 6 b
Chromasone Y short arm
Chromosome 29 long &rm

fledium-kknuob counplex:

Chromosoume 2 long arm
Chromosomne 3 loung arm
Chromosome 4 long srm
Chromosome 7 long arm

Chromosune 8 g (+ b)



